Objective. The purpose of this study was to assess the role of known suspicious sonographic findings and to find other additional sonographic findings to differentiate benign and malignant thyroid nodules with "eggshell" calcifications. Methods. Our Institutional Review Board approved this retrospective study, and informed consent was not required. We reviewed sonographic findings of thyroid nodules in 795 patients who underwent thyroid surgery in our institution between August 2006 and February 2007. Ninety-three thyroid nodules with eggshell calcifications in 92 patients were included in this study. Each lesion was evaluated for known suspicious sonographic criteria, including marked hypoechogenicity, irregular or microlobulated margins, and a taller-than-wide shape, as well as 2 additional sonographic findings: a hypoechoic halo and disruption of eggshell calcifications (halo and disrupted calcification rim). The sensitivity and specificity based on the sonographic criteria were calculated and compared among the 2 types of criteria. Results. Among the 93 thyroid nodules, 59 were malignant and 34 were benign. The halo and disrupted calcification rim showed higher sensitivity (62.7% and 76.3%, respectively) than any of the known suspicious sonographic criteria (40.7%, 35.6%, and 55.9%). The combination of both the halo and the disrupted calcification rim showed significantly higher sensitivity (93.2%) than the combination of the known suspicious sonographic criteria (78%; P < .05), although both had the same specificity (64.7%). Conclusions. In thyroid nodules with eggshell calcifications but no other calcifications, the findings of a peripheral halo and disruption of the eggshell calcifications may be more useful sonographic predictors of malignancy than hypo echogenicity, microlobulated margins, and a taller-than-wide shape.
n evaluation of thyroid nodules with macrocalcifications, peripheral or "eggshell" calcifications of the thyroid nodule have been considered an indicator of benignity with a few exceptions 1 ; however, several recent investigations suggest that macrocalcifications, as well as microcalcifications, of thyroid nodules should increase the clinical index of suspicion for thyroid carcinoma. [2] [3] [4] [5] [6] Kim et al 7 suggested that even in thyroid nodules with macrocalcifications, known suspicious sonographic findings, such as marked hypoechogenicity, irregular or microlobulated margins, and a taller-than-wide shape, would be helpful in distinguishing malignant from benign tumors. Among the types of macrocalcifications, eggshell calcifications lower the sensitivity of sonographic findings for differentiating malignant from benign tumors because of posterior shadowing; therefore, for thyroid nodules with eggshell calcifications, other sonographic findings are needed to help differentiate between benign and malignant nodules.
The purpose of this study was to assess the role of known suspicious sonographic findings and to find additional sonographic findings to differentiate benign and malignant thyroid nodules with eggshell calcifications.
Materials and Methods
Our Institutional Review Board approved this retrospective study, and informed consent was not required.
Between August 2006 and February 2007, 830 patients underwent thyroid surgery at our institution. The patient group consisted of 705 women (84.9%) and 125 men (15.1%). Their ages ranged from 21 to 82 years (mean age, 46 years). The reasons for thyroid evaluation were as follows: a palpable thyroid mass in 166 patients, a palpable lateral neck mass in 7, hoarseness in 7, and discomfort including dysphagia in 42. The remaining 608 patients had incidentalomas found by various imaging modalities, including sonography, computed tomography, magnetic resonance imaging, and positron emission tomography. Preoperative sonographic images obtained in our institution were available for 795 patients.
Preoperative sonographic evaluation was performed with an HDI 3000 or HDI 5000 system (Philips Medical Systems, Bothell, WA) and a linear 7-to 12-MHz probe or an Acuson Sequoia 512 system (Siemens Medical Solutions, Mountain view, CA) and a 5-to 13-MHz linear array probe for evaluation of the thyroid gland and neck. When the HDI 5000 machine was used, compound imaging was performed in all cases. Preoperative real-time sonographic examinations were performed by any 1 of 3 boardcertified radiologists with an average of 6.7 years (4, 6, and 10 years, respectively) of experience in thyroid imaging. The time elapsed between sonography and surgery ranged from 27 to 63 days (median, 48 days).
One radiologist (M.J.K), who was blinded with respect to the final pathologic diagnosis and the ratio of malignant to benign lesions, retrospectively reviewed the sonographic data in the 795 patients and identified thyroid nodules with eggshell calcifications. Eggshell calcifications were defined as curvilinear hyperechoic structures parallel to the margin of the nodule and encompassing 120° or more of the circumference. Thyroid nodules with combinations of eggshell calcifications and other types of calcifications such as microcalcifications and macrocalcifications were excluded. Multiple thyroid nodules with eggshell calcifications in the same patient were evaluated independently.
Ninety-three thyroid nodules with eggshell calcifications were found in 92 patients, and these patients constituted our study population. Each nodule with eggshell calcifications was evaluated for size and other suspicious sonographic features according to published data, 2, 8, 9 including marked hypoechogenicity (decreased echogenicity compared with the surrounding strap muscle), irregular or microlobulated margins, and a taller-than-wide shape (greater in its anteroposterior dimension than its transverse dimension), except for microcalcifications. We referred to these features as the "hypoechogenicity, microlobulated margins, and taller-than-wide shape" criteria. If the imaging findings could not be classified into 1 of the subclasses above because of a calcification shadow cast over the lesion, they were classified as not interpretable. The cases with imaging findings that were not interpretable were classified as negative because they did not show evidence suggesting the possibility of malignancy. Each nodule with eggshell calcifications was also evaluated for whether it had a hypoechoic halo ( Figures 1A and 2 ) or disruption of the eggshell calcifications ( Figures  1B and 3) . We referred to these additional findings as the "halo and disrupted calcification rim" criteria. A hypoechoic halo was defined as hypoechoic areas outside the eggshell calcifications. Disruption of eggshell calcifications means a simple loss of continuance of linear hyperechoic structures or a loss of approximation in the alignment of the eggshell calcifications. Evaluation of the disruption was limited to the superficial 180° of the nodule circumference because the deep 180° portion was not accessible due to posterior shadowing. Each nodule was classified by the number of known and additional sonographic features described above. If a thyroid nodule with eggshell calcifications had at least 1 of the 3 known sonographic features (hypoechogenicity, microlobulated margins, and taller-than-wide shape) or 1 of the 2 additional features (halo and disrupted calcification rim), the nodule was considered positive for the respective criteria.
A nodule was considered solitary when there were no other nodules either with or without calcifications in the same gland, and multiple nodules were designated when the thyroid contained more than 1 nodule. Pathologic results were reviewed by another radiologist (B.M.K.) from surgical records and pathology reports, but histologic slides were not reviewed. Sonographic findings and pathologic diagnoses were correlat- We assessed the sensitivity and specificity of each sonographic feature within both types of criteria for diagnosing malignancy and compared them for the hypoechogenicity, microlobulated margin, and taller-than-wide shape criteria and the halo and disrupted calcification rim criteria. Statistical analyses were conducted with the χ 2 test for nonparametric variables and the t test for parametric inferences. P < .05 was considered statistically significant. A 95% confidence interval was calculated. Statistical analyses were performed with SAS version 9.1 software for Windows (SAS Institute Inc, Cary, NC).
Results
Among 93 thyroid nodules with eggshell calcifications in 92 patients, 59 nodules were malignant and 34 were benign. All of the malignant thyroid nodules were papillary carcinomas. Benign thyroid nodules included 33 nodules with adenomatous hyperplasia and 1 follicular adenoma. The sizes of the 93 nodules ranged from 4 to 50 mm (mean, 16 mm). There was no statistical difference between the benign and malignant nodules with regard to size (P > .05). Among 58 solitary nodules, 20 (34.5%) were benign and 38 (65.5%) were malignant. Of the remaining 35 nodules found in the setting of multiple thyroid nodules within the same gland, 14 (40%) were benign and 21 (60%) were malignant. There was no statistical difference between solitary and multiple nodules in terms of the correlation with benign or malignant nodules (P > .05). Table 1 shows the sensitivity, specificity, positive predictive value, and negative predictive value for predicting malignancy according to each sonographic feature within the 2 types of criteria. The halo and disrupted calcification rim criteria showed higher sensitivity than the hypoechogenicity, microlobulated margins, and taller-than-wide shape criteria. The combination of both the halo and the disrupted calcification rim showed significantly higher sensitivity (93.2% [55 of 59]) than the combination of hypoechogenicity, microlobulated margins, and taller-than-wide shape (78% [46 of 59]; P < .05), although both had the same specificity (64.7% [22 of 34]). Table 2 shows the number of sonographic features present within the 2 types of criteria and the pathologic results. Although 22% of the malignant nodules were negative according to the hypoechogenicity, microlobulated margins, and taller-than-wide shape criteria, only 6.8% were negative according to the halo and disrupted calcification rim criteria. 
A B Discussion
Although microcalcifications have a well-known association with thyroid malignancy, 8,10,11 peripheral or eggshell calcifications within a thyroid nodule are thought to be an indicator of benign nodules with a few exceptions 1 ; however, Taki et al 4 reported that 43% of the thyroid lesions with peripheral calcifications that they examined were associated with cancer. Frates et al 2 reported that rim calcifications doubled the risk of malignancy compared with similar nodules without calcifications, and the risk of malignancy increased when a nodule was solitary and solid. Kim et al 7 suggested that known suspicious sonographic findings other than calcifications would be helpful for distinguishing malignant from benign thyroid nodules with macrocalcifications. They reported, however, that it was difficult to apply these criteria for assessing macrocalcifications to nodules with eggshell calcifications. These difficulties arise from the fact that the calcified margin of the nodule can obscure margin interpretation, and posterior shadowing from the calcifications can obscure the shape (taller than wide) and interpretation of the internal echogenicity. We suggested that a hypoechoic halo and disruption of rim calcifications may be additional sonographic findings suspicious for malignancy in thyroid nodules with eggshell calcifications. These sonographic findings correspond with tumor invasion through (or over) rim calcifications on pathologic examinations (Figure 2) .
Recently, Yoon et al 12 reported that the sonographic features of thyroid nodules with peripheral calcifications did not show any significant differences between benign and malignant groups. As in that study, we evaluated the sonographic size, shape, and internal echogenicity of thyroid nodules. In contrast to the report by Yoon et al, 12 however, which did not differentiate between microcalcifications and macrocalcifications for peripheral calcifications, we clarified the definition of eggshell calcifications to exclude microcalcifications. If the calcifica- tions surrounding the nodule were microcalcifications or a combination of macrocalcifications and microcalcifications, we did not consider them peripheral calcifications favoring a benign prognosis because microcalcifications in thyroid lesions are well known to be suspicious sonographic findings for malignancy. 3, 8, 11, 13 One of the limitations of our study was the small percentage of benign nodules in our population compared with previous reports in the literature. We reviewed consecutive surgical lesions over 6 months. Although we encountered benign calcified nodules frequently during fine-needle aspiration biopsy, nodules referred for surgical excision were more likely to be malignant. This promoted a potential selection bias in our study population. Additional studies that prospectively analyze thyroid nodules with eggshell calcifications during fine-needle aspiration biopsy should be necessary. Second, we did not review the histologic slides to correlate imaging findings with histologic findings in each nodule. Additional studies that correlate the findings of a hypoechoic halo and disrupted calcification rim with histologic findings in benign and malignant nodules may be necessary. Finally, in this study a single investigator reviewed the imaging findings, and we did not evaluate interobserver variability in interpretation of rim calcifications.
In conclusion, in thyroid nodules with eggshell calcifications and no other calcifications, the findings of a peripheral halo and disruption of eggshell calcifications may be more useful sonographic predictors of malignancy than the sonographic features of hypoechogenicity, microlobulated margins, and a taller-than-wide shape.
